Introduction
The interest in the outer magnetic field effect on heat-physical processes appeared seventy years ago. Blum [1] carried out one of the first works in the field of heat and mass transfer in the presence of a magnetic field. The application of magnetohydrodynamic (MHD) flow control in aerospace engineering was already considered in the mid 1950s. This was coincident with the first studies on the problem of an aerospace vehicle reentering the atmosphere from space. The high temperature reached at the surface of the vehicle flying at hypersonic speed causes the ionization of the surrounding air molecules and the consequent formation of a plasma. By imposing a suitable magnetic field, it is possible to modify the aerodynamic forces and heat transfer rates in a convenient way. The increasing interest in the study of MHD phenomena is related to the development of fusion reactors where plasma is confined by a strong magnetic field (Hunt and Holroyd [2] ). Morley et al. [3] studied MHD effects in the so-called blanket. The blanket is located between the plasma and the magnetic field coils, and absorbs neutrons transforming their energy into heat, which is then carried away by a suitable coolant, preventing neutrons from reaching the magnets, thus avoiding radiation damages. Many exciting innovations have been put forth in the areas of MHD propulsion [4] and remote energy deposition for drag reduction [5] . Double-diffusive MHD convection is significant for material solidification processes [6] and fluid flow over a flat surface or stretching sheet in the presence of a magnetic field finds applications in manufacturing processes such as the cooling of the metallic plate, rolling, purification of molten metals, extrusion of polymers, wire and fiber coating, hydro-magnetic lubrication [7] [8] [9] [10] . Extensive research is present in MHD control of flow and heat transfer in the boundary layer [11] [12] [13] [14] , enhanced plasma ignition [15] , and combustion modeling [16] . The analysis of the flow on an inclined porous plate [17] has become the basis of several scientific and engineering applications.
Extensive research has, however, revealed that additional and refined fidelity of physics in modeling and analyzing the interdisciplinary endeavor is required to reach a conclusive assessment. In order to ensure a successful and effective use of electromagnetic phenomena in industrial processes and technical systems, a very good understanding of the effects of the application of a magnetic field to the flow of electrically conducting fluids in channels and various geometric elements is required. With this in mind, most recent research activities tend to refocus on basic and simpler fluid dynamic-electromagnetic interaction phenomena. The application of electromagnetic forces to material processing [18] has been recognized as a promising technology and it is based on the fact that magnetic fields can influence the flow of electrically conducting fluids in different ways. Industrial processes and technical systems where MHD effects are utilized show that the magnetic field represents a versatile and non-intrusive means to control and influence the flow of liquid metals. Therefore, it can be employed to develop new production methods and to improve existing processes to obtain, for instance, high quality materials. All the mentioned studies pertain to a single-fluid model. Most of the problems relating to the petroleum industry, plasma physics, magneto-fluid dynamics, etc., involve multi-fluid flow situations. There have been some experimental/analytical studies on hydrodynamic aspects of the two-fluid flow in literature.
Following the ideas of Alireza and Sahai [19] , Malashetty, Umavathi and Kumar [20, 21] studied the two fluid MHD flow and heat transfer in an inclined channel, and flow in an inclined channel containing porous and fluid layer. Umavathi, Chamkha, Mateen and Mudhaf [22, 23] presented analytical solutions of an oscillatory Hartmann two-fluid flow and heat transfer in a horizontal channel and an unsteady two-fluid flow and heat transfer in a horizontal channel. Recently, Malashetty et al. [24] analyzed the problem of magnetoconvection of two-immiscible fluids in vertical enclosure. The above papers about MHD flows analyzed an externally applied magnetic field perpendicular to the flow and ignored magnetic induction effects, which are invoked when the magnetic Reynolds number is nonnegligible. To simulate such flows, a separate magnetic field conservation equation has to be solved with appropriate boundary conditions. Several important studies have considered hydromagnetic flow and heat transfer with induced magnetic field effects [25, 26] .
Keeping in view the wide area of practical importance of multi-fluid flows and induced magnetic field effects as mentioned, the objective of this study to investigate the MHD flow and heat transfer of two immiscible fluids between moving isothermal and nonconducting plates in the presence of an applied electric field, an inclined externally applied magnetic field, and the effects of an induced magnetic field.
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Mathematical model
As mentioned in the introduction, the problem of the MHD two fluid flow between parallel moving plates is considered in this paper. The fluids in the two regions were assumed immiscible and incompressible and the flow was steady, one-dimensional and fully developed. Furthermore, the two fluids had different kinematic viscosities  1 and  2 and densities  1 and  2 . The physical model shown in Fig. 1 The fluid velocity v and the magnetic field distributions are:
where B is the magnetic field vector and =cos.
The upper and lower plates were kept at two constant temperatures T w1 and T w2 , respectively, and the plates were electrically insulated.
The described MHD two fluid flow problem is mathematically presented with a continuity equation:
momentum equation:
where
The flow and thermal boundary conditions were unchanged by the addition of electromagnetic fields. The no slip conditions required that the fluid velocities were equal to the plates' velocities and boundary conditions on temperature were isothermal conditions. In S377 addition, the fluid velocity, induced magnetic field, sheer stress and heat flux must be continuous across the interface y=0. Equations that represent conditions for fluids 1 and 2 are:
Velocity and magnetic field distribution
The governing equation for the velocity u i in regions 1 and 2 can be written as:
where, suffix i (i=1,2) represents the values for regions 1 and 2, respectively. The equation for the magnetic field induction in regions 1 and 2 can be written as:
It is convenient to transform equations (22) and (23) into a nondimensional form. The following transformations were used:
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With the above nondimensional quantities, the governing equations become:
The nondimensional form of the boundary and interface conditions (13) to (18) becomes:
The solutions of equations (30) and (31) with boundary and interface conditions have the following forms:
where 2 2 , 1,2 
Temperature distribution
Once the velocity distributions were known, the temperature distributions for the two regions were determined by solving the energy equation subject to the appropriate boundary and interface conditions (19)- (21) . In the present problem, it was assumed that the two plates were maintained at constant temperatures. The term involving T/x=0 in the energy equation (11) dropped out for such a condition. The governing equation for the temperatures T 1 and T 2 in regions 1 and 2 is then given by:
In order to non-dimensionalize the previous equation, the following transformations were used beside the already introduced (24) to (29):
With the above nondimensional quantities equation (55) for regions 1 and 2 becomes:
In the non-dimensional form, the boundary conditions for temperature and heat flux at the interface y=0 becomes:
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The solution of equation (57) with boundary and interface conditions has the following form: 
where: 
Results and discussion
In this section, the results for steady MHD flow and heat transfer of two immiscible fluids between moving plates are presented and discussed for various parametric conditions. In order to show the results of the considered flow problem graphically, two fluids important for technical practice are chosen and the parameters , ,  and  take the values of 0.678, 1, 0.0647 and 0.025, respectively. The part of obtained results is presented graphically in fig. 2 to fig. 13 to elucidate the significant features of the hydrodynamic and thermal state of the flow.
The fig. 2 to fig. 4 show the effect of the magnetic field inclination angle on the distribution of velocity, temperature and the ratio of the applied and induced magnetic field. Figure 2 shows the effect of the angle of inclination on velocity which predicts that the velocity increases as the inclination angle increases. These results are expected because the application of a transverse magnetic field normal to the flow direction has a tendency to create a drag-like Lorentz force which has a decreasing effect on the flow velocity. fig. 2  and fig. 3 that the magnetic field flattens out the velocity and temperature profiles in region 1 and reduces the flow energy transformation as the inclination angle decreases. Figure 4 shows that the ratio of an induced and externally imposed magnetic field increases as the inclination angle of an applied field decreases. In the observed case for negative values of y i * this ratio has a tendency to move the maximum value closer to the lower plate while  decreases. The obtained results show that the magnetic induction can be strongly controlled, for example, in an MHD induction generator system, by adjusting the angle of inclination of the applied magnetic field. The induced magnetic field effect is more obvious in region 2 occupied with the fluid with greater electro conductivity, and the fact that magnetic induction will vanish at some distance from the lower plate is also of significance in the optimized operation of MHD induction devices. Figures 5 to 7 depict the effect of the Hartmann number, while the electric loading factor K i is equal to zero (so-called short-circuited case). The influence of the Hartmann number on the velocity profiles was more pronounced in channel region 2 containing the fluid with greater electrical conductivity. Figure 5 illustrates the effect of the Hartmann number on the velocity field. It was found that for large values of Hartmann number the flow could be almost completely stopped in region 2, while in region 1 the velocity decrease was significant. The effect of the Hartmann number increase on the temperature profiles ( fig. 6 ) in both of the parallel-plate channel regions was manifested in equalizing the fluid temperatures. The influence of the Hartmann number on the ratio of induced and externally applied magnetic field is shown in fig. 7 . Magnetic induction is evidently suppressed with an increase in the applied magnetic field, Ha; however, closer to the lower plate the magnitudes of B x remain negative; further from the plate they decrease and become positive near to the interface.
Of particular significance is the analysis when the loading factor K i is different from zero (the value of loading factor K i defines the system as generator, flowmeter or pump). Figure 8 illustrates that with the increase of loading factor K i the temperature in regions 1 and 2 increases. The effect of the decrease in loading factor K i results in equalizing of temperature fields in regions 1 and 2. Figure 9 shows the effect of the loading factor on velocity, which predicts the possibility to change the flow direction, although the plates move in the same direction. For negative K i values, the flow rate increases. The obtained results show that different values of the inclination angle, the Hartmann number, and the loading factor are a convenient control method for heat and mass transfer processes. Figure 10 shows the change of induced field as a function of loading factor. The ratio of an induced and externally imposed magnetic field had a considerable change when the loading parameter was different from zero, especially in region 2. Figure 10 also shows a direction change of the induced field in regions 1 and 2.
Close to the lower plate, the values of B x are negative/positive (for positive/negative values of K i ); however, B x changes the sign close to the interface. The absolute value of the induced magnetic field increases with the increase in the loading parameter. Further from the lower plate (region 2 containing the fluid with greater electrical conductivity) i. e. in the free stream, the induced magnetic field again vanishes, and obtains some small positive or negative value at the interface.
The effect of the plates' velocities ratio on the velocity field is shown in fig.11 . It is interesting to note that decreasing  increases the velocity. The effect of the plates' velocities ratio on the temperature field is the opposite compared to the effect on the velocity field, which is evident from fig. 12 . It was found that the effect of decreasing  was a decrease in the temperature field in regions 1 and 2. It is also interesting to note that for small , the ratio of induced and externally imposed magnetic field became negligibly small in region 1, as shown in fig. 13 . Increasing of  changed this ratio considerably in region 2, while the ratio stayed nearly the same in region 1. 
Conclusions
The problem of MHD flow and heat transfer of two immiscible fluids between moving parallel plates in the presence of applied electric and inclined magnetic fields was investigated analytically. Both fluids were assumed Newtonian and electrically conducting. Closed form solutions for dimensionless velocity, temperature and magnetic induction of each fluid were obtained taking into consideration suitable interface matching conditions and boundary conditions. The results were numerically evaluated and presented graphically for two fluids important for technical practice. Only the part of the results is presented for various values of the magnetic field inclination angle, Hartmann number, loading parameter and plates' velocities ratio. The obtained results show that the control of flow and heat transfer for the observed case can be realized by changing the magnetic field inclination angle, the Hartmann number, the loading factor, and the ratio of plates' velocities. 
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